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Yhe jrobler. of celeulatirng transition rro:aviliiles

ey

in two-level systems is studied in the limit where thc
detuning is large ccupared to tue inverse darntion of Lie

5 whose Feurder iransfcoons

v L A U
\iiiuglind jotentinly

~ ~ {3 )
V(w) are cf the form flu)e SENE fer large froguencios

interactiorn.

A ERI PN Y .~
veocaledliates freo.

forilac tonl Jiifer only in the racierlcns vilue of

£ PR

4 scaling, yova ~ter. dn cases where the coviling fureiion

has a pele in Lthe coun; lea e plune, the fumilies ure
laentificd with the crder of this singularity. In par-
ticular, for poles of first coréer, o conrection with tuc
Rosen-Zener solution can be made.

The analysis is peviorned via high-order perturbat’ on

expansions, which arce shown to always convergs for two-

level systens driven by coupling potentials of Tinite

rulse aren. Co _
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1. Introsuction
In rany arcnas of phyoicos, one encounters problems involving wwo
states of ¢ guantw.-ucchanical sretem ceuylew by a tire-dependent jo-
h)
tential. In the interaction recprecentiution, the equations of ntotion
for a, and a,, the prouability arplitudes of levels 1 and 2, arc cf the
[

Torin
i
/2, = Ve a,, Qe)

/‘ 012.: \/({‘)e a‘) {1v)

wiere o ie the frosuworcy separation of the stntes end V(L) Is the couplile

potenticl. Jdecay coffcets ¢re rejiceeted in o

o

Lguaticns of +uls type avis

provleti of curreat interest to which they aryly s the cowpling of two

levels of an aten by a Jaser puwise that has o tvenporal width which iz

siell conpaved to the naturel lifetin of the levels, The pulse, V{t)

is of the foru

V(D)= Q At) Cos Lt

vhere  is the central freguency of the pulse, and 24(t) is the envelcye
X . . . Jo—m]
function of its amplitude. Asswring that = << 1, oune can recast
TS

Lgs. (1) in terus of 4, the detuning of the pulse from resonance (ro-

tating wave apprexination)as




. 1 AT
1a, = Alt)e Q,, ()

, ""t.AZ
,a, = Akl e a,. ()

s (3) or (1) ure aeceptively iy Ye in forry and ore nighi, at
first glence, telieve that the systen nust be coupletely anderntiood, 8o

that nothing revaing to be juvesticoated oot Lne eonations or Lheir co-

Iution. Adctuully, there is very Zittle Troqurditot
neture of the colution: to ron. (3) Tor rtiteoy woit), Aot ool by 8
trinsic dnterest one night have in the droarnlon 8 fuoeevel Lol laln, rad

snforntion coule we useful, for exicyle, Inoo,plient ons whore one wic:
to chovse the puloe clnge
given detuning b,

I

J'o appreciate thaat our socertiog concernding thne leck of rnowwlclie

about the behavior of oysions arserivou by Lio. (2) is valid, oo need

only recognice that Lo ancwer to the Jeliow!ry zucnticen 1s nod kroun

in gencral, VLtartirg with initiald conditicns o {-w) = 1, a, (=) = 0, new
‘

does the probnvility woplitud, uq(t) Aupord gqualitetively on the pulse

<

arcua &, defined by

S = {_Amddt,

LAl

on the deiluning, ard on the shape of the envelope function AQL)e

A regsponce to this query can be ruade for o linited number of cases,
f

Analytic solutions arce availabvle if A{L) Lelorgs Lo u cluss of functions’

D93 .
(incluaing the hyperbolic sceant of Rosen and wener’? ) mapyable into the
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ar

pertariative Mreitc. Yoty thore roonians o wide runce of jparasetors
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pulie emdve Lopo Funslions wing conloul Irtegration tecihniques, Wiio dc

o broooer sob thor tooat for whiael exacet

o e . - e S A TR
Qoyaltolie Gy ol on Ui reture o Ve
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vhere is Lhe Feurior trancsform of L, it is valid in tie

. 3
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PERTI
Ly iia

for large detunirng wre g = Onw. 4% 1

e eigenvalues of AC co Tros nmoat

ni
G =0tos—as u -+ w,

<

Yhe cristence of a pole at «=i is @ sufficient. but rot a neccusury

-

conaition that thre asynrtotic Mourier tronsform of o zoupli:g rulsce

-lw - \ . gy=z/e .
~ ple)e | I. For exalyple, the function (1%2%) 7% has an asyi;totic
" * oy £ . : + -1/L Y irs . . 1/:,\ \
Fouricr trencsfern psrovortiornl to v e . Yic factor v Frecilues

decucitg the agyrmptotic transition wiplituic Trom the Recscen-dener fornaula.

cinilerly, the zyuares of the Lypervelic seeant ara of
have poles of second order ot

~ 1 -V
of theue, Vq ~ V' e I I, 0 that while these w111 teve asyuptold
(&

x=], with the corsciwece thut, Tor toth

transition amplitudes that are reluted to each o*lor, they cenrct te

obtained Ly scalirg frow a. (L), In owr rext

-8 -




. 2t
a,(H)=-1 77 € $m

hovw to calculate asynmptotic transition amplitudes when the coupling
» g ph gt {+]

pulsce has seconu- and higher-order poles ot x=i. Yor novw, we merely
present the formulee for the trarsition amplitudes generated by tle

squares of the hypertolic secunt arnd Lorentzian

[C@:}Sih%EC@j (a)

-~

e — |
aa([_;])::-, C > e S‘m[CJ%%_LJSM\qECQV_Q ?T'J) {&i)

+

2=

vhere ¢ = 1 +

NI

¢ + 8o + = 1,194, zguation (%u) can be obtaincu
~

i~

[

frou wqg. (9b) by sculing techniques derivea in taic Japer.

I1I, GSusuary and Corclusion

.

In this puper, we have Germorstrated thet jpulse shupes s (%)

whose Iourier transforns asyiptotically wpnrceach the Torm q(v)e"!v],
wiere ¢ ic slowly varying, way be categorired into fwuilies which differ
according te the furcticon ¢. Within eaclh femily, the transition w.pli-
tudes ap(m) arc reluaied Ly simpic scealing laws, so that if one is aule
to derive an expreccion for the transition amnlitude genersted Ly one

nmecubver of the fawily, corresporndirg fornulae fer all otlhier membors of

the fanily may be writton down by inspection,

A sufficiernt condition that the Fourier transform be of tre

requirced forim is that it bLe obtainable iwn the asympteilic region es a

contour integral eveluated froan the residuc at a single yole on the

inagirury time axis. For the cace where A(t) hne sinmple poles, n?(w)

- 19 ~
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(&) “1-‘ (2(}4!)
— | (2' pogeil
‘ -

X
N . a8 Tt : ‘
AR+l ( 1R X, v 4 l("\)dx& el
J -

-;C) (\’—l\ -?‘\X,)e. 0‘)\’! “
)

. . LY . -

O v Lint (x) 12 of cinlte Do) ¢ComiLn LS LOCs ol
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tie corres i e SRR o= O
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werri ] b T -~ 'S L
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NS . iy 4 .. L. H -~ -~
e BoLe that the swie argwuerts will ap;ly to certusiotisy rign
X

. Lok . P R N P A T TR T I S AN N
at finlte tines, proviacd norcely that J S(x')x' = 7)) 10 of cne slion

art finite. If £(x) clenges sign, the resulie vill still e valild soe-
X

2 3 . . .. . foled s P [, f ot
Vieed the generalinea arco ,l(likg' )ij’, ie finite.
-

A slmple case where Lhe convergence Lheorci dees nob upply da Lthe

coupling function a(x) = (corst) (tarhmz/0)/x, cince § 1o logaritioicald

-

aiverpent. In addition, since the pulse arvee is properticnnl Lo toe
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